
RECENT FLIGHT TEST RESULTS USING AN ELECTRONIC DISPLAY FORWT ON THE NASA 8-737 

S F F ;  A. Morel10 
Aero-Space Techno1og:st 

F l  i g h t  Research 3 i v i s i on  
V.,ZSA Langley Research Center 

Hampton. V i rg in ia  23665 

Th's paper presents the resu l t s  o f  a f l i g h t  evaluation o f  two e lec t ron ic  display fotnats f o r  the 
approach-to-landing under i n s t r w n t  condit ions. The evaluat ion was conducted for a baseline e lec t ron ic  
display fonnat and f o r  the same format w i t h  runway symbology and track information added. The 
evaluation was condtrcted dur ing 3O, manual, s t ra igh t - i n  approaches wi th  and without i n i t i a l  l oca l i ze r  
offsets. Fl ight-path t racking performance data and p i l o t  subject ive comnents were examined w i th  regard 
t o  p i l o t ' s  a b i l i t y  t o  capture and maintain loca l  i z e r  and g l  ideslope using both display fcrmats. 

The resu l ts  o f  the f l i g h t  tests agree wi th  e a r l i e r  s imulat ion resu l t s  and show t h a t  the add i t ion  
of a perspective runway s m o l  w i t h  arl extended center l ine  and r e l a t i v e  t rack information t o  a 
baseline e lec t ron ic  d isp lay  format improred both l a t e r a l  an4 ve r t i ca l  f l i gh t -pa th  tracking. P i l o t  
comnents indicated tha t  the mental workload required t o  assess the approrch si tuayion was re:~ced as 
a r e s u l t  o f  in tcgra t tng  perspective runway w i t h  extended center l ine  alcn: w i t h  r e l a t i v e  t rack 
infornut ion i n t o  the ve r t i ca l  s i t ua t i on  display. The l i m i t e d  f l i g h t  t e s t  r esu l t s  a lso  show tha t  the 
f? ight-path pe:formance w i th  the integrated s i t u a t i m  display format meets Category I 1  F l i gh t -  
Di recto; perfoinnance c r i  t e r i z .  

Fl ight-path t racking resu l ts  o f  close-in, curved approaches using the integrated ve r t i ca l  
s i t ua t i on  display format and pred ic t ive  In format~on on the hor izontal  s i t u a t i o n  di,play w i i l  a lso  be 
presentea. 

SYMBOLS 

ATTSYNC 

il 

h 

LAT 

LONG 

Pcon 

P i tch  WC 

RCE 

RCOb 

Rol l PHC 

S 

A t t i tude Synchronization 

Canalenlentary f i l t e r e d  a1 ti tude ra te  

Constant 

Lat i tude 

Longitude 

P i t ch  Contrgl Out 3f  Detent 

P i t ch  Panel Mounted Control ler  

Go1 1 Computer Enable 

Ro l l  Control Out o f  Oetent 

Ro l l  Panel Mounted Cant*. : i l e r  

Laplace transfonn 

Time 

East ve loc i t y  

North veloci  tj 

i ross t rack  acce le ra t i o~ i  F S  measured i n  an i n e r t i a l  ax is  

Angle o f  gl ide-path deviat ion 

Ai leron c m n d  

Elevator c o m n d  

'.ng:e o f  la tera l -path  deviat ion 

F l i g h t  path angle as meaxred ill an i n e r t i a l  axis 

C m n d e d  f l i g h t  path angle 

A i r c r a f t  p i t c h  angle 

A i r c ra f t  p i t c h  ra te  



Ai rc ra f t  r o l l  angle 

A i r c ra f t  r o l l  r a te  

A i r c ra f t  yaw angle 

INTROWCTICN 

One o f  :hs object ives o f  the NASA Terminal Configured Vehicle (TCV) Program i s  the research and 
deve:~;r;,ent of e lec t ron ic  display concepts t ha t  w i l  1 inprove p i l o t  instrumentation fo r  the approach-to- 
laqdicg task i n  low v i s i b i l i t y .  Present-day electrolnechanical instrunentat ion has been very benef ic ia l  
i n  achieving low v i s i b i l i t y  landings on iong, s t ra igh t - i n  f i na l  approach paths. This i ns t runen ta t i o~ ,  
however, i s  considered t o  be inadequate f o r  the low v i s i b i l i t y  approach t o  landing on close-in, curved. 
approach paths tha t  may be required i n  the f u b r c .  As discussec! i n  reference 1. the increased number 
of parameters t ha t  the f l i s  t crew may be required t o  control  o r  monitor w i l l  a lso d m n d  that  
information be processed ana displayed i n  an integrated, r a -  . -r .Y:~' - t- r ~ n v - v  a 
natura l ly  assimilated mental p ic ture  o f  a canplex s i tua t ion .  l t , e  f l i g h t  ex,erite- b, - I  c . .  
TCV program incorporate e lec t ron ic  d  splays which o f f e r  capabi l i t ie:  no t  cur rent ly  found i1 e lec t ro-  
mechanical d isplay system. Considering t h i s  increased capab i l i t y ,  a spec i f i c  guidel ine o r  philoscphy 
w i th in  the display informat ion resea-rh i s  t o  invest iga te  mans o f  p re ient ing  improved s i t ua t i on  
info ma ti or^ t o  the p i l o t .  A d isplay f9nnat i s  desired tha t  w i l l  a i d  the p i l o t  i n  maintaining a mental 
pictrrre of h i s  current s i t ua t i on  r e l a t i v e  t o  the runway and extended center l ine  during the approach t o  
landing under instrument condit ions. Yo achieve t h i s  objective, an integrated s i t ua t i on  display format 
was developed t h r t  was aimed a t  presenting, i n  a s ingle display, the necessary information for the 
approach-to-land'ng task, whether flown manually o r  acltomatically. This display format was evaluated 
i n  a piloted-simulation study where hor izontal  s i t ua t i on  information. i n  the form o f  perspective runway 
acd r e l a t i v e  t rack symbology. was integrated i n t o  an u i s t i n g  ve r t i ca l  s i t ua t i on  display format. 

This paper presents the resu l ts  o f  f l i g h t  tests aimed a t  evaluating a baseline e lec t ron ic  displaf  
format and an integrated e lec t ron ic  dfsplay f o m t  i n  the actual f l i g h t  environment. :,I toted simulat ion 
r e s ~ l t s ,  reported i r ,  reference 2 and presented i n  t h i s  report, are compared w i th  the f l i g h t - t e s t  resu l ts .  
The f l i g h t  tes ts  were conducted i n  the TiV 0-737 ! ~ t i l i r i n g  an a f t  f l i g h t  deck (AFD) and a ve loc i t y  
vector control  mode. Results of s t ra ight - in .  3' ~pproacties w i t h  and without i n i t i a l  local fz.?r o f f se t s  
a t  3 naut ical  miles from the runway threshold are discusseo. F l igh t -path  accuracy data and p i l o t  conments 
are presented and compared wi th  F l igh t -D i rec tor  performance c i ' i te r ia .  F l igh t -path  t racking resu!ts and 
p i l o t  comnents 3re also presented i n  the Pesults and Discussion +cticl, fo r  close-in. curved approaches 
wi th  1 .>and 1 -0-nautical mile. s t ra igh t - i n  f i n a l  approach segments. 

TEST AIR?: !NE k!D EXPERIMENTAL SYSTEMS 

The f l i g h t - t e s t  f a c i l i t y  uced i n  the TCV program i s  a modified Boeing 737-100 twin-enaine j e t  
transport shown i n  cutaway form i n  f igure 1. Shown i s  the arrangement of p a l l e t i r e d  research 
i ns ta l l a t i ons  aboard the tes t  a i r c ra f t .  Major components consfst o f  a standard forward cockpit, an 
a f t  f l i g h t  deck (AFD), navigation and g~ idance pa l le ts .  f l i g h t  control  computers, and a data acqu is i t ion  
-j'stem. 

The two-man a f t  f l i g h t  deck.shown i n  f igure  2, consists o f  primary f l i g h t  controls including 
conventional ru2der pedals and pawl-mounted ccntro!lers (PMC) f o r  p i t c h  and r o l l  cont ro l .  This cockpi t  
has a f ly-by-wire in ter face wi th  the tas i s  a i r c r a f t  svstems f o r  both manual (semi-automatic) and f u l l y  
automatic control  o f  the airplane. U i t h  tb,e exception o f  gear and speed brake actuation, d i r e c t  
e l ec t r i ca l  t i e - i n  t o  f laps and th ro t t l es  i s  p.:.:Ced to  the research p i l o t s .  For safety monitoring 
purposes. c o t ~ t r o l  surface inputs are reproduced i n  the Forward cockpit. 

F l i g h t  control  functions are managed through th4 USE o f  the Advanced Guiddnce and Contrsi ' m 
(AGCS; provided i n  the a f t  f l i g h t  deck. The AGCS concept i s  shown i n  f i s ~ r e  3 .  The d ig i t a '  ; i;r 
contr ~l compute,' which i s  t r i p l e  redundant w i th  a var iable- inc w e n t  capab i l i t y  provides the -.. - :b -  

computational functirm f o r  the f l i g h t  controi  system. The fa i l -opera t iona l  computer has programnable 
memory i n  which contm!s laws are solved i n  real  time. The system interface? the p i l o t  and crew 4 t h  
the normal f l i g h t  functions of navigation. guidance. d i s ~ l a y .  and automatic cont ro l .  Mode select ion 
i s  avai lable by using the AGCS mode select  panel. The naviqation-guidance computer, sensors, and 
three incremr.ta1 f l i g h t  control  computers are the major elements o f  t h i s  system. 

Crew c m u n i c a t i o n  w i th  the navigational computer i s  made through the Navigation Control/Disp:ay 
Un i t  (NCDU) which has a keyboard for data input  ~ n d  a cathode-ray tube f o r  data display on which paths 
can be synthesized during f l i g h t .  The pri;nary p i l o t i n g  displays o f  the AGCS are the Electronic 
A t t  .ude Director Ind ica tor  (EAOI) and the Electronic Horizontal S! tua t ion  Indicator (EHSI) . Addi t ional  
de ta i ls  o f  the navigation, guidsnce and display systems are shown i n  block d'ayram i n  f i gu re  4. 

Dependi2g on the mode se l l r ted .  the a f t  f l i g h t  deck ~ i l o t  has ava i lab le  an d t t i t u d e  or  ve loc i ty  
vector control  mode. Clily thr v e l o c i r j  vector control  mode was used i n  t h i s  study. Figures 5 and 6 are 
blcck dia-rlms of the p i t c h  arrd r o l l  conrrol  nodes. Basical ly,  these control  modes provide the p i l o t  
w i th  augmented cqnc,-01 o f  the a i r c r a f t  l a t e r a l l y  and long i tud ina l ly .  ::hen p i t c h  PMC i s  app'ied above 
the detent level .  a i rp lane p i t c h  ra te  i s  cosm~~ded proportional to  con t ro l l e r  def lect ion.  When the p i l o t  
releases h is  input and the c o i t r o l  l e r s  are recenteretl, a i rp lane fl ight-path angle I; maintained. 



I n  the r o l l  axis, the ve loc i ty  vector cont ro l  mode i s  desfgned t o  hold the airplane's a t t l t u d e  
constant a f t e r  r o l l  PMC i f  bank angle i s  greater than 5'. If the bank anglc a t  con t ro l l e r  release 
4s l e s ~  than SU, the control  sy:tcm ?a!nt~!ns t* :!rp!anels present ground track by modulating 
bank dngle. 

Datd were recorded onboard the a i r c r a f t  on a wide-band ~mgne t i c  tape recorder a t  40 samples per 
second. Typical recorded data consisted of three-axls body angrclar pos i t ion  and ra te  i n f o m t i o n  
as we l l  as p i l o t  control  inputs. Ground-based t rack ing data wcre obtatned from a phototheodolite 
f a c i l i t y .  The f a c i l i t y  i s  a four-stst lon op t i ca l  instrunentat ion complex which provides accurate 
space-position-time locat ion  o f  a ta rget  wit hi^: 15 naut ical  mi les o f  the a i rpo r t .  

FLIGHT EXPERIMENT 

The prima.. qb jec t ive  o f  the f l i g h t  exper imnt  .*as t o  evaluate the e f f e c t  o f  adding hor izontal  
s i t ua t i on  i l~format ion,  consist ing of a perspective runway symbo: w i t h  extznded center1 i ne  and a r e l a t i v e  
track-angle indicator,  t o  a previously established ve r t i ca l  s i t ua t i on  display format. (See Ref. 2.) 

-2  7*ar -n f~  the i n f o m t i o n  t h a t  can bk presented on the EADI. The perspective runway 
syn~bo. -, ..I a 300 by 40° f i e l d  o f  view, includes the basic ou t l i ne  of the runway, a center l ine  
drawn one naut ical  m i l e  before the runway threshold t o  the horizcn. The magnification factor was 
betdeen 0.3 and 0.5, depending on p i l o t  seat posi t ion.  The runway synbol represents a runway 3.04P 
meters (i3.000 feet) i n  length and 45.72 meters (150 feet) i n  widtn. Four equally spaced l i m s  were 
drawn perpendicular t o  the center l ine of the runway a t  304.8 meters (1,000 feet)  in terva ls .  Two 1 ines 
pa ra l l e l  t o  the center l ine  o f  the runway were dram on the rurmay d i v i d i ng  i t  i n t o  eqiial ouartsrs. The 
mathematics o f  drawing the runway symbology are deta j led  i n  reference 2. 

The r e l a t i v e  t rack angle ind ica tor  p i c t o r i a l l y  shows the i n e r t i a l l y  referenced track angle of ' 2 
airplane r e l a t i v e  t o  the runway heading. Relat ive track rnqle infonnat ion was indicated by a ? ~ b  t.', t 
moved along the horizon l i n e  of the EADI. A t rack scale d t t i  l o 0  increments referenc2d t o  the runway 
heading was drawri on the horizon l i n e  of the EADI. The p i l o t  using the t rack po in ter  and scaie could 
determine the magnitude o f  the r e l a t i v e  t rack bngle o f  the airplane t o  the runway. 

The evaluation process was both q u a l i t a t i v e  and quant i ta t ive .  P i l o t  opinion concernil g the 
a b i l i t y  t o  undersLand and use the displayed information as we l l  as t racking performance data were 
analyzed for the f i na l  approach-to-landing task. Onboard data instru;nentation and ground-based tracking 
theodol i te data were recorded and analyzed. 

DISPLAY FORMATS TEST-3 

The navigation, guidance. and display suhsystems have been integrated i n t o  a s ing le  system, as can 
be seen i n  f i gu re  4. The syste'l u t i l i z e d  d i g i t a l  computation, informat ion processing. and transmission 
techniques, together w i t h  cathode-ray tube (CRT) displays. The EADI was the primary display used by 
the evaluation p i l o t s  and measures 12.70- by 17.78-centimeters (5- by 7-inches). 

Two display formats were presented on the EADI f o r  evaluat ion purposes. F l g ~ r e  8 i s  a drawing o f  
the baseline format on the EADI, which c o ~ ~ s i s t s  p r imar i l y  o f  the airplane's a t t i tudes.  f l i gh t -pa th  
information. and f l i gh t -pa th  d~ f i a t ! ons .  Included i n  the baseline display f o m t  i s  the Er21. also 
shown i n  t h i s  f igure.  Presented on the tHSI are the airplane symbol for present pos i t ion  information. 
a 33-secona curved trend vector (predicted pos i t ion  i n f o m t i o n  30 seconds ahead), runway and eitended 
center l lne,  and d i g i t a l  readout and scale of  present t rack angie. 

Figure 9 I s  a drawing o f  tbe ' i tegra ted s i t ua t i on  ?nfonndtion format and bas ica l ly  contains the 
addi t ion of the  perspective runwa) sy?nbology and r e l a t i v e  track informa t ion .  

The f l i g h t  tes ts  reported here were flown using the Time Referenced Sc~nn ing Beam Microwave 
Landfng Sys tm (MLS) located a t  the National Aviat ion F a c i l i t i e s  Experimental Ceqter. The a i rp lane 's  
basic navigat io~..  and dispiay system was modified, as shown i n  f!gure 10, f o r  compat ib i l i t y  
w i th  the MLC. The MLS receiver processor provided raw decoded MLS elevat ion and azimuth angular 
isformation and f i l es red  range data t o  the MLS guidance signal processor. The MLS guidance sicjnal 
pi-ocessor u t i  ~ i z e a  the MLS i n f c m t i o n  and data from the a i r c r a f t  sensors t o  p r e f i l t r r  the raw data, 
perform coordinate transformation. and Jrocess the transformed data i n t o  post t ion .  veloci ty.  and 
acceleration estimates. These data were then sent t s  the navigat ion and guidance computer fo r  
d isplay informat ion computation. The MLS processed signals used for  d i  splay computations are shown 
i n  f igure 11. Posi t ion (LAT. LONG), ve loc i ty  (V,,. VE.  6). accelerat ion (y) .  and path e r ro r  ( r , . ~ )  
signals are u t i l i z e d  t o  sunpute d i ~ p l a y e d  information fo r  both the EADI and EHSI. Airplane a t t i tudes.  
from onboard sensors. were also used i n  the perspective runway c~mputat ion.  Detai led informatior. 
concerning the MLS receiver and guidance sigcal  processors are presented i n  reference 3. 

EXPERIMENTAL TASK 

The experimental task requi-ed the p i l o t  t o  t rack a s t ra igh t - i n  P . 3  path t o  the runway threshold. 
The MLS path was a 3O ( t I 0 )  gl ideslope that  terminated on the ruway 304.8 meters (1,000 feet! past  the 
runway threshold. The l oca l i ze r  course was f2.5' wide and m n a t e d  from a po in t  2.605.8 meters (8,547 
feet )  past the runway threshold. 



A l oca l t ze r  o f f s e t  approach task was used t o  evaluate the k n e f t t s  of the integrated d'splay 
ir.fornatton f o r  c.-rccting r e l a t i v e l y  large i a t e r a l  path errors.  A p lanv l lw of the ?-nautical mile. 
s t ra igh t - i n  appruach, wI th  an I n i t i a l  segrrnt  consist ing o f  a 130' t u rn  on a 3O descent. I s  
i l l u s t r a t e d  i n  f i gu re  '12. Guidance i n  the form o f  a dashed curved path was presented on the EHSI 
so t h a t  an i n i t t a l  l o c r l i z e r  o f f s e t  o f  approximately 0.1 nauttcal  n l l e  was obtained. The a i rp lane 
was I n  t'le landtng conf igura t ion  ( f laps  40°, gear down) p r i o r  t o  the t u rn  and the au to th ro t t l e  system 
was used t o  maintain the approach speed. 

TEST SIRJECTS 

:-'our NASA t e s t  p i l o t s  were used during the evaluation. Only three p i l o t s ,  however, flew the 
l oca l i ze r  o f f s e t  aoproach taslr. Two o f  the p i l o t s  were type-rated for the 8-737, and the other hro 
p i l o t s  had some f l i g h t  experience i n  the 8-737. A l l  o f  the p l l o t s  had previous experien*:e i n  the AFD 
simulator. 

TEST PROCEWRE 

The t e s t  procedure required the p f l o t  t o  execute the 130' curved approach (without l oca l i ze r  
of fset)  shown i n  f igure 12 using both the EADI and EHSI display information. Once the tu rn  had 
been completed (Naypoint FAFM). the p i l o t  was ins t ruc ted t o  use g r tmar i l y  th display i n f o r m t l o n  
i n  the EA@I t o  t rack l oca l t ze r  center l ine  wh'.e maintaining the 3 g1:deslope. 

Since the pr inc-  ' 2  ob jec t ive  o f  the f l i g h t  tes ts  was t o  evaluate the use of presenting 
hor izontal  i n foma t ton  i n  the EADI o r  v e r t i c a l  s i t ua t i on  display, tCe second ser ies o f  approaches 
concentrated on the l oca l i ze r  o f f s e t  task. During these runs, the p i l o t  was required t o  f l y  the 
l oca l i ze r  o f f se t  path (shown dashed i n  f i gu re  12) t o  a p i n t  0.1 naut ica l  mi l -  l e f t  of Maypoint 
FAF3M. A t  t h i s  po in t  he was ins t ruc ted tc, use p r imar i l y  the  displayed infor a t i o n  on the  EADI t o  
capture and ho ld  the l oca l t ze r  center l ine.  wh i le  t racking the glideslope. 

The approaches.with and without the l oca l i ze r  o f f s e t w e r e  f l ~ w n  using both tk baseline and 
integrated display C?rmats. The disslay fornat runs were randomized so t h a t  e n v i r o m n t a l  condi t ions 
and ptlo: learning curve factors would be reduced. Although the p i l o t  was t o l d  t o  use the EADI as 
the primary display, he was allowed t o  scan the EHSI and the basic f l i g h t  instruments f o r  
information tha t  might be missing 'n the EAbl. 

RESULTS AND DISCL'SSIV 

Three-Nautical Mi le  Ap;, - ch l e s t r  

Local i zer  t racking performance wrs analyzed f o r  both display f o r m  t s  t o  determine the benef i ts  or  
disadvdntages of Integrat ing hor izontal  information i n t o  the ve r t i ca l  s i t ua t i on  display. r igures  13 
and 14 ar? p lo t s  o f  l oca l i ze r  deviat ion versus range f ro7 runway threshold f o r  the approaches 
without ' x a l  i zer o f fse t .  Figure 13 presents the loca l  i z e r  t racking resu l ts  of four approaches 
using the baseline s i t ua t i on  dlsplay fornat as the pr i . lary display. As can be seen. the t racking 
i s  osc i l l a to rv  i n  nature an0 the l a t e r a l  deviatio,is a t  t ines  are la rger  than the runway width. P i l o t  
comnents indicated tha t  p i l o t  me01ta1 workload was hign usit19 the baseline format since the p i l o t  
had t o  scan the map display (EHSI) t o  ob ta i r~  track informat ion fr.m the a i rp lane symbol. trend 
vector symbology and the d i g i t a l  readout c f  track angle. The p i l o t s  f e l t  tha t  the l a t e r a l  path 
guidance provided by the map display was not s u f f i c i e n t  f o r  a close i n  f i na l  approach even w i t h  t t8e  
map scaic set  f o r  greatest r e s ~ l u t f o n .  0.394 naut ical  mi le  per centimeter (1  naut ica l  m i l e  per inch). 

l he  loca l izer  t racking perfonnance using the integrated s i t ua t i on  display format i s  presented 
i n  f igure 14. This l a t e r a l  t racking data show that  the p i l o t s  could consistent ly co:~~plete the approach 
t o  landing wi th  only small deviations froroi the runway cente'-line. P i l o t  c a n t s  indicated that  the 
integrated display format on the EADI elimfnated the need t o  scan the tHSl duvfng the approach. The 
runway and re la t i ve  track information enabled the p i l o t  to  bet ter  understand hi.- oos i t i on  and 
t rd jec to ry  re la t i ve  t o  the extended runway center1 ine. 

Figure 15 presents cross p lo t s  o f  gl ideslope and 7c;alizer deviations a t  61- and 30.5-meter 
a1 t? tudc windows. Tbe data f o r  the irttegrated display format show be t te r  l oca l i ze r  t racking and more 
consistent grideslope tracking. The integrated f o m t  reduces the amount of time the p. l o t  ieeds t o  
b u i l d  the mentai p ic ture  o f  h i s  l a te ra l  pos i t ion  and i jredicted t r a j e c t ~ r v  and enables him t o  s ~ ~ i ~ d  
more time on the glideslope task. I t should be renembered that  the dfsp!ayed i n f o n a t i o n  of 
g i  ~deslope dcviat ion i s  the same f o r  both d i s p l n j  fonruts. hokever, the runway symbology pmvides 
a reference po in t  on the EADI for  the f l i gh t -od t t~  a l e  symbols. 

Figures 16 and 17 present the l a te ra l  t rdcking r e  u l t s  o f  several approaches flown wi th  $he 
i n i t i a l  l c ca l i ze r  o f f s e t  (see Fig. 12) z t  3 naut ical  mi les from runway threshold. The l a te ra ,  
t racking resu l t s  using the baseline display f o m t  are shown i n  f i r u r e  16 and i l l u s t r a t e  the 
defic!ency o f  t h i s  format t o  ( rov ide  adequate clcse-!n l x a l  i ze r  path capture Information. :he 
t racking i s  osc i l l a to ry  i n  nature w i th  the f i n a l  corrections back toward the extended center l lne  
occurring very close t o  the threshold. Only one approach ac tua l ly  crosseS the center l ine,  :nd none 
of the approaches ever achieves the proper t rack angle to  the ruaway. The lack o f  good lehd 
information and the fear o f  a large l oca l i ze r  ovrrshoot brought about the center l ine  undershoots 
seen i n  t h i s  f igure.  



The l a t e r a l  t racking resu l t s  using the integrated s i t ua t i on  display format are  sham I n  f i gu re  
17. The data show that  the p i l o t s  are able to make a prec is ion  capture o f  the  l oca l l ze r  and maintain 
rumay center l ine  t racking using only the integrated f o m t  p ~ s e n t e d  on the EADI. FCter the f l i g h t -  
path corrections are  w d e  to capture the loca l izer .  i t  can be seea tha t  the t rack  angle t o  the rumay 
threshold i s  proper rnd  s tab i l i zed  f o r  a l l  the approaches. 

Figure 18 presents cross p l o t s  o f  g l ideslope and l oca l i ze r  deviations a t  61- and 30.5-meter 
a l t i t u d e  windows f o r  the o f f s e t  approaches. The data show t h a t  both gl ideslope and l oca l i ze r  er rors  
are smaller f o r  the integrated d isp lay  f o r w t  a t  both windom. P i l o t  coAnents indicated t h a t  the 
integrated fonnat reduwd the l a t e r a l  task mental workload and allowed more t ime t o  be spent on the 
g l  ideslope tracking task. 

Figure 19 i s  a coaparison of the 30.5-meter window data from the offset approaches w i t ' ,  crevious 
sinnrlatlon data and w i t h  Category I 1  F l igh t -D i rec tor  c r i t e r i a  as stated i n  FAA Advlsory Circular,  
AC 120-29. Figure 39(a) i l l u s t r a t e s  t h a t  the f l i g h t  resu l ts  for t he  integrated s i t u a t i o n  d is r?ay 
furmat l i e  w i t h i n  the mean and standard dev ia t ion  of the s imulat ion resu l ts  for the same f o t m t .  The 
f l i g h t  and simulat ion data f o r  the baseline d isp lay  fonnat a lso  sh3w s i m i l a r  trends. The l a t e r a l  
b ias i n  the simulat ion data i s  due t o  a steady l e f t  crosswind that  was p a r t  of the experiment. 

Figure 19(b) i l l u s t r a t e s  t h a t  the gl ideslope and l o c a l i z e r  path performance w i th  the integrated 
s i t ua t i on  display fonnat conpares very favorably w i t h  Category I 1  F l igh t -D i rec tor  c r i t e r i a .  Threc? 
o f  the approaches made w i th  the  baseline d isp lay  pass through the window c r f t e r i a ,  bu t  the p i l o t s  
considered these approaches unsat isfactory because the airplane's a t t i t udes  and t rack  were not  
stabi l ized. 

Close-In Approach Tests 

Following the approach tes ts  k i t h  the 3-nautical ln i le f i n a l  approach segments. b o t , ~  1.5- and 1 .S- 
naut ical  m i l e  f i na l  approach path tasks were evaluated. The geometry o f  the c lose- in ?,pproiich paths, 
including the 3O descent a1 d 130° t u rn  onto :ne f i n a l  segment, was iaent ica l  t o  the previous 
approaches. The only di f ference was the length o f  the f i n a l  approach segment. The \ e l o c i t y  vector 
control  mode was used i n  t h i s  evaluation. 

The EADI display fonnat used during these tes ts  was the integrated s i t ua t i on  ,ormat tha t  was used 
i n  the previous experiment. The format on the EHSI d i f f e r e d  only I n  the curved trend vector displaying 
predicted airpiane pos$t ion 30, 60, and 90 seconds ahead. The p i l o t s  used the EHSI as the primary 
display f o r  i n i t i a t i n g  aqd dur ing most o f  the tu rn  onto the f i n a l  s t ra i9 i . t  seynent. The p i l o t  could 
read i l y  determine the i n i t i a t i o n  po in t  f o r  the tu rn  and then attempted t o  pos i t i on  the curved trend 
vector upon the referenced path also presented on the display. The EADI wds ntonitored dur ing t h i s  
period t o  assure t h a t  the ve r t i ca l  path (3' descent) was being maintained. The p i l o t ' s  a t t en t i on  
switched t o  the EADl near the end o f  the tu rn  as the canputer generated runway symbology came i n t o  the 
display's f i e l d  of view. From t h i s  point. down t o  about 15 meters (50 feet) a1 t i tude. the p i l o t  used 
the integrated s i t ua t i on  format presenter1 on tk EADI as the primary display. 

Figure ?O presents the f l i gh t -pa th  .:racking resu l t s  o f  the approaches on the 1.5-nautical m i l e  
t es t  path. A1 though these were the f i r s t  such approaches made by two p i l ~ t s ,  i t  can be seen that  the 
ve;tica? and l a t e r a l  t racking are smooth and consistent. An expanded p l o t  of  the f i na l  por t ion  of  the 
approaches i s  presented i n  f i gu re  21. N,te t h a t  one o f  the approaches avershoots the refe\,er,ced path 
by approximately 100 meters (300 feet ) .  The p i l o t  c m n t e d  that  he had not  tracked t i g h t l y  the l a t e r a l  
path, but  t ha t  he knew h i s  s i t ua t i on  c l ea r l y  during and a t  the end o f  the turn. I t  can be seen t h a t  a l l  
the approaches have at ta ined a stable t rack t o  the runway by approxirrately 1.5 ki lometers (5.000 feet)  
from the runway threshold. 

Figure 22 presents the ve r t i ca l  ant1 l a t e r a l  path t racking resu l ts  f o r  the approaches on the 1 .O- 
naut ical  m i l c  t es t  path Again, these itre the f i r s t  such approaches flown by the p i l o t s .  The l a t e r a l  
t racking data show overshoots o f  hpprox.~mately 30.5 meters (100 fee t )  bu t  the p i l o t s  have s tab i l i zed  
the airplane's t rack t o  the rur,way a t  a l ) pmx ia~ te l y  0.92 kilometers (3.000 feet )  from the runway threshold. 

COdCLUDING REMARK: 

Three-Nautical Mi le  Approach Tests 

The resu l ts  o f  these f l i g h t  tes ts  show tha t  the add i t ion  of perspective runway symbology and 
r e l ~ t i v e  track i n f o v - t i o n  t o  a baseline EADl fon.,t increased f l i gh t -pa th  t racking accuracy dur ing the 
approach t o  la,iding to nder i:.ftrunit!nt condit icns. 

P i l o t  comnents indicated tha t  the integrate:! :,t i idtion displa) format brought about a bet ter  
understanding o f  the i i r p l a n e ' s  nos i t ion  and t r a j e c l ~ r y  r e l a t i v e  t o  the runway and runway extended 
center l ine.  Th. tntegt :Led display a1 enabled the p i  i o t s  t o  quickly recognize and recover from 
a c lose- i r ,  ta,.ge l a t e r a l  p l t h  dev ia t isn  w i th  cortf!dence. Limited f l i gh t -pa th  performance resu l t s  
using the integrated d:splay compare very favorably w i t h  previous f ixed-bared s ieu la t i on  resu! ts.  
F l  ight-Di cector c r i t e r i a  f o r  g l  ideslope and loca l  i ze r  performance f o r  Category I I approach condit ions 
were also met w i t h  +he 1 imited data acquired. The integrated s i t ua t i on  format allows the p , i lo t  t 0  
assess the information and nuke the cor rec t ive  f l i g h t  control  inputs, lepending on the size of the 
e r ro r  and the rema'nlng distance t o  the runway threshold. 



Close- I n  Approach Tests 

The resu l ts  of the f l i ~ h t  evaluation o f  the 1.5- zlnd 1.0-nautical m i l e  approach tes ts  show good 
' l ight-path performance during the t u r n  and on the ,hart-final approach segments. The display 
i n f o m t i o n  content and :ormat. however, i s  no t  considered t o  be optimized. Further d isp lay  and 
control  e f f o r t s  are needed t o  def ine the display information requirements for  the c lose- in curved 
approach- to-1 andi ng task. 
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Figure 12.- Plan view o f  approach path to runway 
04 a t  the NAFEC. 
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Figure 13.- Localizer tracking performance using 
the base!ine situation display 
fornst. 
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Figure 21.- Kanual tracking results on 2.78 b 
(1.5 n-mi.) approach path. 

Figure 20.- knwl tracking on 2.78 km (1.5 n.mi.) 
approach path. 

Figvre 22.- ttanual tracking on 1.85 km (1.0 n.mi.) 
approach path. 
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